said self-lWking memory circuit having upper and lower 
voltage thresholdsX that cause said self-locking memory circuit 
to change states whesn a level of voltage applied to said self- 
locking memory circuin passes through one of said thresholds. 



REMARKS 

Initially, appreciation is expressed for the brief 
telephonic interview granted the undersigned on Wednesday, 
October 31, 2001. During that interview, it was agreed 
that, in view of the somewhat numerous changes to the 
specification required in the present case, submission of a 
Substitute Specification would be appropriate. 
The Drawing Changes : 

The objections to Figures lA, IB, and 2 set forth in 
Paragraphs 3 and 4 of the Action have been reviewed and 
three sheets of corrected informal drawings are submitted 
herewith for review by the Examiner. It is submitted that 
the proposed drawing revisions address and overcome each 
and every objection to the drawings set forth in the 
Action . 

The Amendments to the Written Portion of the Specification : 

The objections to the form of the specification set 
forth in Paragraphs 1, 2, and 5 of the Action have been 
reviewed. Each specific objection set forth in the Action 
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has been addressed by amendments to the specification 
incorporated into the Substitute Specification. 
Additionally^ the entire specification has been reviewed 
and amendments made to correct other inadvertent errors 
discovered therein. Care has been taken to avoid the 
introduction of any new matter into the disclosure. 

In view of the present amendments^ it is believed that 
the specification now stands in conformity with accepted 
English language grammatical and idiomatic usage. 
The Rejections Under 35 U.S.C. §112, Second Paragraph : 

In Paragraph 7 of the Action, various rejections were 
set forth regarding the terminology used in originally 
submitted Claims 1-3. 

Newly presented Claims 4-9 have been drafted with 
particular attention being paid to overcoming the 
rejections under the second paragraph of 35 U.S.C. §112 set 
forth in Paragraph 7 of the Action. 
The Rejections Based Upon the Prior Art : 

In Paragraph 8 of the Action, originally submitted 
Claim 1 was rejected under 35 U.S.C. §102 (b) , based upon 
U.S. Patent No. 5,230, 067 to Buch (hereinafter ^'Buch'') . 

In Paragraph 9 of the Action, originally submitted 
Claims 2 and 3 were rejected under 35 U.S.C. §103(a), based 
upon Buch. 
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Newly Presented Claims 4-9 : 

In order to clearly patentably distinguish the present 
invention over the prior art: 

Newly presented independent Claim 4 now recites that 
the self-locking memory circuit includes a non-clocked, 
non-inverting amplifier chip for connection to one of the 
bit lines. 

Regarding the rejection of originally submitted Claims 
2 and 3 under 35 U.S.C. §103(a), it is noted (e.g., at Page 
10, lines 5-9) in the outstanding Action that Buch does not 
specifically teach the interconnection of a central 
processing unit with either or both of a Digital Signal 
Processor and a Complex Programmable Logic Device through a 
tri state data bus having self-locking data bus circuits 
for maintaining the respective bit lines of the tri state 
data bus in their last driven state, as is presently 
recited in newly submitted Claims 5, 6, and 8. 

It is further respectfully submitted that neither is 
there any suggestion (to one of ordinary skill in the 
relevant art) in Buch that a central processing unit could 
or should be interconnected with either or both of a 
Digital Signal Processor or a Complex Programmable Logic 
Device through a tri state data bus having self-locking 
data bus circuits for maintaining the respective bit lines 
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of the tri state data bus in their last driven state. It 
is submitted that the proposed modification of the Buch 
teachings to include the interconnection of a central 
processing unit with either or both of a Digital Signal 
Processor and a Complex Programmable Logic Device can only 
be arrived at through Applicant's own disclosure, and is 
not either evident or suggested in the Buch reference 
standing alone. 

Accordingly, in view of the present amendments and the 
above remarks, it is respectfully submitted that the 
present application is now in condition for allowance, and 
early action towards that end is respectfully urged. 

If, at any time, the Examiner in charge of this 
application feels that prosecution of this application 
could be expedited through a telephone interview, the 
Examiner is invited to contact the undersigned by telephone 
at (412) 380-0725. 



Respectfully Submitted, 




Robert A. Shack 
Attorney for Applicant 
Registration No. 29,976 
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DATA BUS MEMORY CIRCUIT 




iLE SYSTEM INCLUDING SELF LOCKING MEMORY CIRCUIT FOR A 



TRI STATE DATA BUS 



CROSS ■ REFBRENCE TO RELATED Application 



application relat C G t o claims priority under 35 U.S.C. 



§11 9(e) from co-pending Provisional Application Serial No. 

60/109/951, filed on November 25, 1998 and entitled "Intelligent 
Door Controller Unit^. This Provisional Application is assigned to 
Westinghouse Air Brake Company, the assignee of the present 
application^ and is incorporated herein by reference thereto. 



The present invention relates, in general, to memory circuits 
and, more particularly, this invention relates to the details of a 
simple, self-locking memory circuit for a tri state bit line of a 
data bus. 



In the above-noted provisional application, a self-locking 
circuit is shown connected to a tri state bit line of a data bus 
interconnecting a central processing unit (or "' CPU'") and other 
digital transceiving processing devices, such as a Motion Control 
Digital Signal Processor (or_^DSP^) , to provide a memory of- the 
last data value or electrical potential sent on such line, i.e., 
the last read or write transferT — and low impcda ncG otat c b ctvjc c n 
the CPU and the proccosing dcvicco . The line _, or more correctly. 



FIELD OF THE INVENTION 



BACKGROUND OF THE INVENTION 
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^fe^^te — — — tfee — i-if^e — is said to be "tri state" because of the 
three voltage states a-t — which — d ata — epcrate which the line can 
assume , namely, a high voltage state. a low voltage state and a 
state in which no current flow is generated. 

The self-locking circuit of the invention is useful on any 
connecting bit line where it is desirable to latch and hold the 
last value or state on the line and thereby retain and maintain 
such value once the driver relinguishes control of the line, i.e., 
when the line returns to a high impedance state. 

SUMMARY OF INVENTION 
The present invention uses a known, commercially available, 
non-inverting, non-clocking buffer amplifier chip and a simple 
parallel resistor connected across the chip, i.e., connected to the 

input and output terminals of gatc g of the chip. These two means 

(chip and resistor) when connected to a tri state bit line provide 
a predetermined relatively high impedance on the line that is 
effective in latching the latest value found on the line. 

More particularly, a circuit device supplying the bit line 
with a signal has a relatively low impedance. The relatively low 
impendence of the supply device and the relatively high impedance 
of the latching circuit of the invention provides a voltage divider 
that produces a low voltage at the supply circuit while the high 
impedance of the latching circuit develops a relatively high 
voltage . 
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When the signal from the Gupplying supply device or circuit 
goes from a low state to a high state, the output voltage of the 
latching circuit is at a low state. Thus, the input voltage to the 
amplifier chip and resistor of the latching circuit of the 
invention initially rises to the voltage divided level. At a 
certain voltage threshold^ the latching circuit switches to the 
high state, with the output terminal of the chip now also being in 
a high state. The latching circuit now has essentially the same 
high state e^as the output of the supplying ( or sending) circuit. 

Since the chip has no clocking elements, it is stable over 
time and holds the value received from the sending circuit- It 
will not switch until such time as a new value is imposed on the 
input terminal of the latching circuit at a level that moves 
through a low voltage threshold value to return the circuit to a 
low state. Again, the circuit will hold this "low" value until it 
is forced to change by a new "high" state sent on the bit line and 
imposed upon the latching circuit. 

In the above incorporated provisional patent application, for 
example, the timing structures of the CPU and DSP are different. 
By holding data over time, the circuit of the present invention 
allows the CPU and DSP to work together while simultaneously 
preventing noise on the bit line from being transferred between the 
CPU and DSP, i.e., the impedance of the circuit of the invention 
temporal ly temporarily changes (lowers) only when the latest value 
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or state on the bit line builds or lowers to a current level above 
or below the threshold levels of the circuity after which the chip 
of the circuit conducts. When this occurs, the impedance of the 
circuit temporarily falls to a low value, temporarily loads the 
line, then returns to the relative high impedance value to hold the 
new, latest value and to remove the load from— ifi the line. In this 
manner, the circuit is self-locking and resists transferring noise 
and electromagnetic interf erence_^ as such noise and interference do 
not sustain current levels sufficient to force the switching of the 
circuit . 

OBJECTS OF THE INVENTION 
It is, therefore, one of the primary objects of the present 
invention to provide a simple digital latching circuit for 
retaining the latest information (high or low state) conveyed on a 
bit line. 

Another object of the present invention is to provide a data 
latching circuit that requires no clocking, timing or 
synchronization pulses to latch the data. 

Yet another object of the present invention is to provide a 
means for testing the integrity of a printed circuit board bus 
signal . 

Still another object of the present invention is to use a 
commercially available, non-inverting digital amplifier chip and an 
electrical resistor connected across the chip as the latching 
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circuit of the invention^ and in vv^hich with the chip and resistor 
• p ro v ^jr ^providing a predetermined impedance for such latching 
circuit . 

A further object of the present invention is to provide a 
digital circuit having the capability of extending the hold times 
of data conveyed on bit lines connected between digital circuit 
devices. 

Yet another object of the present invention is to provide a 
circuit which that exhibits a substantial reduction in noise and 
interference for tri state digital bit lines. 

In addition to the specific objects and advantages of the 
present invention described above, various other objects and 
advantages of the invention will become more readily apparent to 
those persons who are skilled in the relevant memory circuit art 
from the following more detailed description of the invention, 
particularlyr- when such description is taken in conjunction with 
the attached drawing Figures and with the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure — 1 — i-s -Figures lA and IB, taken together, present a 
schematic diagram e-^ showing eight buffer memoryj- latching circuits 
of a presently preferred embodiment of the invention and their 
connection to the bit lines of an eight bit data bus; and 
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Figure 2 is a circuit diagram useful in explaining the 

operation of such the presently preferred embodiment of the latching 

circuit of the present invention . 

BRIEF DESCRIPTION OF A 
PRESENTLY PREFERRED EMBODIMENT 

Reference is now made, more particularly, to the drawings. 
Figu r e 1 thereof oho w ^Figures lA and IB together show eight buffer 
memory circuits, generally designated 220, electrically connected, 
respectively, to eight tri state bit lines 1 to 8 0 through 7 of a 
data bus 9 interconnected between tranceiving digital components 20 
and 30. An example of such an interconnection of components is the 
central processing unit ( or ^' CPU'') 230, the Digital Signal Motion 
Control Processor ( or '' DSP'') 320 and the Complex Programmable Logic 
DcvicGG Device ( or '' CPLD'') 300 interconnected in the read/write 
manner shown in Figures 7B and lOB of the above incorporated 
provisional patent application. 

The buffer memory circuit of the invention bears the same 
reference numeral (220) found in the above application. The buffer 
memory of the present invention, however, has utility on any data 
bus or digital circuit where memory of the last transfer of data 
requires retention and can be used on any number of bit lines. 

The eight circuits 220 which are illustrated in Figure 1 are 
substantially identical so that only one of the circuits is 
discussed herein in detail. This circuit is shown, in Figure 2 of 
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the drawings, connected to a bit line 4 extending between the two 
digital circuits 20 and 30. 

More particularly, circuit 220 of the invention comprises a 
digital buffer amplifier chip 10 and a parallel resistor 12 
connected across the chip 10 such that the input and output 
terminals 14 and 16 of the chip 10 (only schematically shown in the 
figures) are connected together by the resistor. Chip 10 is a well 
known, commercially available, non-inverting digital amplifier 
having no clocking elements. Its input terminal 14 is connected to 
a bit line, namely, bit line 4 in Figure 2. As such, in the 
circuit 220, the signal or potential newly applied to input 14 of 
the chip 10 from the bit line is retained after current in the line 
builds to a predetermined threshold level of circuit 220 . 

The circuit operates in the following manner: 

The input to circuit 220, in Figure 2, is received from a 
digital circuit device represented schematically by an amplifier 
symbol 20 and a resistor 22. Resistor 22 represents the internal 
output impedance of amplifier 20 and is determinative of its output 
voltage. The electrical output impedance of amplifier 20 is 
relatively low in comparison to that of resistor 12 of latching 
circuit 220 such that any voltage developed by amplifier 20 divides 
at the connection 24 of the two resistors 22 and 12, with the 
greater of the two voltages being developed across resistor 12. 

For example, if amplifier 20 produces a five volt signal, it 
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can divide on a one and four volt basis, with the four volts being 
applied to the input terminal 14 of chip 10. The present state of 
chip 10, however, may be at zero volts, i.e., zero volts at its 
input and output terminals 14 and 16. Output terminal 16 and a 
series resistor 26, which represents the internal impedance of chip 
10, are a virtual ground or virtual Vcc for circuit 220. 
Resistances 12 and 26 represent the total impedance of circuit 220 
of the invention. 

In the case of amplifier 30, as schematically presented, a 
resistor 32 is shown in Figure 2 that represents the internal 
impedance of the amplifier 30. 

Circuit 220 has a voltage threshold level that permits the 
circuit to change states. If the divided voltage is at the 
threshold level, circuit 220 switches to a state where its input 
and output terminals 14 and 16 are now at a "high" state, such as 
the above divided four volt level. This occurs by chip 10 
momentarily conducting, thereby momentarily' loading the bit line, 
bit line 4, for example. As soon as the chip 10 conducts and goes 
"high", conduction and loading of the bit line 4 ceases. Being a 
non-inverting device, chip 10 does not change the state or 
potential of the latest signal applied thereto. 

In the drawing figures, amplifier symbol 20 is shown as a tri 
state bus driver but it is also a tri state receiver, as indicated 
by a second amplifier symbol 20A. The third amplifier (symbol 30) 
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is also a bus receiver and driver, the dual function being again 
indicated by a second amplifier symbol 30A. In the read/write 
arrangement of the CPU and DSP in the above noted provisional 
application, the driver/receiver functions are interchangeable such 
that amplifier 30 can be the driver and amplifier 20 the receiver. 

In either case, circuit 220 holds the latest potential supplied on 
the bit line until one of the two, upper and/or lower thresholds of 
circuit 220 are crossed. 

In crossing the lower threshold of circuit 220, amplifier 20 
or 30 will place a "low" potential on the bit line while the other 
circuit is in a high state. Circuit 220, which is presently 
latched in a high state, tries to maintain the high state. 
However, when the voltage on input terminal 14 of chip 10 drops 
through the low threshold before the chip 10 conducts and switches 
to the low state, the chip 10 temporarily and mo n c t a r 1 1 y m ome n t a r i 1 y 
loads the bit line 4. As the output 16 of the chip 10 changes 
state, the chip 10 immediately thereafter ceases conducting, 
unloads the . bit line 4 and holds the new "low" state until such 
time that its upper threshold is reached, which occurs when a 
"high" voltage is received at input terminal 14. 

Circuit 220 loads the bit line only when it switches (i.e. 
when chip 10 conducts) which makes the circuit 220 highly effective 
in resisting electromagnetic noise and interference, as such noise 
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and interference can not sustain current flow and a voltage level 
sufficient to reach the switching thresholds of the circuit 220. 

Further, the circuit 220 does not oscillate, as there is no 
phase shift between the input 14 and output 16 of chip 10^ and docs 
not hunt o.g the The circuit 220 is a digital device having only 
high and low states. Rath e r, — th^The circuit 220 latches and locks 
itself until its thresholds, high and low, are reached by a new 
state on the bit line. 

In this manner, circuit 220 retains the latest information 
until it is forced to change, as per above. If the circuit 220 
does not retain the last bit of information (potential) , it is an 
indication of current leakage on the circuit board (not shown) on 
which chip 10 and resistor 12 are mounted. Circuit 220 thereby 
provides, in addition, an internal diagnostic function on the 
board. It alerts a technician of such a problem so that he or she 
can proceed to find the location of the leakage. 

Because the circuit 220 extends hold times of data, it 
functions to match the timing of respective devices interconnected 
by bit lines that transfer data, such as the amplifiers 20 and 30, 
or the CPU and DSP devices described in the above incorporated 
patent application. As noted- above_^ the CPU and DSP do not have a 
one hundred percent match in their timing requirements. 

While the presently preferred embodiment for carrying out the 
instant invention has been set forth in detail, those persons 



10 



skilled in the digital circuit art 
will recognize various alternative 
without departing from the spirit 
appended hereto. 



to which this invention pertains 
ways of practicing the invention 
and scope of the patent claims 
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ABSTRACT 

^ p rogrammable system and a self-locking memory circuit for a 
tri state data bus having multiple bit lines. The circuit includes 
a non-inverting buffer amplifier chip for connection to ea ch — h4:^ 
linc one of the bit lines and a resistor having a predetermined 
electrical resistance connected across the buff or amplifier chip. 
The chip and resistor provide a predetermined impedance to the flow 
of electrical current in the self -locking circuit. The circuit 
changes its state when the current of the latest information on a 
bit line builds or lowers above or below threshold levels of the 
self -locking circuit . The tri state data bus may be con nected 
between a digital signal processor (DSP) , a comiplex programmable 
logic device (CPLD) and a central processing unit (CPU) operating 
at different rates or speeds. 
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